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The production of auxin by yeast ceils resembles the formation observed 
in  other  organisms  such  as  Rhizopus  and  Rkizobiura  (Thimann,  1939)  I 
which "release" auxins into their culture medium.  Thus, we have found 
far more auxin in the growth medium of yeast than KSgl and Kostermans  2 
extracted from the  cells.  The  amounts of auxin in the growth medium 
were found to vary considerably with the age of the culture, the rate  of 
growth of the cells, and both the initial and final composition of the growth 
medium. 
Ix 
A pure strain of bakers' yeast, Saccharomyces cerevisiae, was grown under pure culture 
conditions in several modifications  of Williams' medium.  3  The basic medium consisted 
of potassium dihydrogen  phosphate 2.0 gm./l., ammonium sulfate 3.0 gin./1., magnesium 
sulfate 0.25 gm./1.,  calcium chloride 0.25 gm./1.,  asparagine 1.5  gm./l.,  and sucrose 
20 gm./1.  This medium was supplemented with the following  initial concentrations of 
Bacto-peptone: 0,  0.01, 0.1, 1.0, 10  per  cent.  Samples were withdrawn at various 
intervals after seeding.  On each of these, cell counts and auxin tests were made.  Since 
approximately as much auxin was obtained by mixing the centrifuged but unextracted 
medium directly with agar as by extracting the centrifuged or non-centrifuged  suspen- 
sion with chloroform,  4 the former method was consistently used.  The temperature was 
25°C.; aerobic conditions were maintained in the culture towers by bubbling moistened, 
sterile air through the suspension. 
The total auxin in the centrifuged media is plotted in Fig. 1 as a function 
of the age of the culture.  The growth of the culture in 0.1 per cent peptone 
(dashed line)  is  also  given.  These  two  curves  show  a  complete inverse 
relation between the auxin concentration and the rate of cell multiplication 
in  the  0.1  per  cent  peptone  medium  throughout the  experiment.  This 
medium gave the highest auxin yield, namely, 450  auxin units per ml. at 
1  Thimann, K. V., Tr. 3rd Commission Internat.  Soc. Soil Sc.,  1939, vol. A, 24. 
K6gl, F., and Kostermans, D. G. F. R., Z. physiol. Chem., 1934, 228, 113. 
3  Williams, R. J., Y. Biol.  Chem., 1920, g2, 259. 
4 Robinson, T. W., and Woodside, G. L., J.  Cell. and Comp. Physiol.,  1937, 9, 241. 
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225  hours after inoculation.  At this  time the 0.01  per cent peptone me- 
dium gave 113 units per ml., the 0 per cent peptone medium gave 35 units 
per ml., and the  1 and  10 per cent media gave only 6  units per ml.  The 
auxin concentration was still rising in all media at 225 hours. 
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FzG. 1.  The total auxin in centrifuged media from towers containing different amounts 
of Bacto-peptone is plotted as a function of the age of the culture at the time when a 
sample  of the suspension  was  removed.  The dashed  line  is the growth curve of the 
culture in 0.1 per cent peptone and can be compared with the total auxin yield from the 
same medium. 
The greatest rate of auxin production (calculated as auxin units per cell 
per hour) was obtained in all media between 55 to 85 hours after inocula- 
tion.  On the basis of 1 ml.  of cell-free medium the rates were as follows: 
0 per cent peptone, 890  X  10  -~ auxin units per cell per hour; 0.01 per cent 
peptone, 790  X  10-s; 0.1 per cent peptone,  190  X  10-s; and the  1 and  10 
per  cent  peptone  less  than  0.5  X  10  -~.  In  all  these  media  during  any 
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and the rate  of cell multiplication.  With increasing peptone concentra- 
tions, the rate of cell multiplication increased, whereas the rate of auxin 
yield decreased.  Note that the greatest rate of auxin production occurred 
in the basic medium free of peptone where there was practically no growth. 
Whether observed in different cultures during the same interval or in one 
culture at different intervals, the auxin yield seemed to be inversely corre- 
lated with cell multiplication. 
In a  second series of experiments, concentrations of 0.05,  0.1,  0.2,  0.5 
per cent Bacto-peptone and 0.1 per cent Witte-peptone were tested.  There 
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FIG. 2.  Total auxin yield is plotted against pH of the same sample of centrifuged 
medium in which the auxin yield was tested.  The relation after 80 hours and also after 
225 hours of growth in the various peptone media are plotted. 
was a low auxin yield in the 0.5 and 0.2 per cent Bacto-peptone media (3 and 
10 units/ml.), a  higher yield as before in the 0.1  per cent (90 units/rnl.), 
a  still higher yield in the 0.05  per cent (120  units/ml.).  As in the first 
Bacto-peptone series, the rate of growth increased with the peptone con- 
centration, while the auxin yield decreased.  Much more auxin was ob- 
tained from the 0.1  per cent Witte-peptone medium than from the faster 
growing 0.1  per cent Bacto-peptone culture. 
A  correlation, apparent during most of the growth period between the 
total auxin yield and the pH of the centrifuged medium is shown in Fig. 2 
for samples removed at 80 and 225 hours.  Probably this correlation is not 
due to the hydrolysis in an acid medium of an inactive salt of auxin, since, 768  FORMATION  OF  AUXIN  IN  YEAST  CULTURES 
according to Dolk and Thimann,  6 heteroauxin, which appears to be active 
only in the undissociated acid form, is 50 per cent dissociated at a pH of 
4.75.  Had  the  auxin present in  the medium behaved like  heteroauxin, 
then 50 per cent of the active form, as determined by the coleoptile test, 
should have been obtained at a  pH of 4.75.  Yet even when the pH had 
decreased to 3.75, we obtained only 10 per cent of the total yield.  The pH 
may be an important controlling factor in auxin production, however, for 
the production in our experiments occurred mainly below a pH of 4.5 and 
increased with higher hydrogen ion concentrations.  In fact, if the total 
auxin yield at 225 hours is plotted not against pH but against the hydrogen 
ion concentration, a  straight line with a  slope of 2.8  ×  10  ~ is obtained. 
In testing the effect of sugar on the yield of auxin,towers were prepared 
with 0.1,  1.0, 2.0,  10.0, and 20.0 per cent sucrose.  All contained 0.1  per 
cent Bacto-peptone and the usual basic Williams' medium.  The results 
indicated that the auxin yield at any given time was proportional to the 
original concentration of sucrose in the various towers.  Over 1000 auxin 
units per ml. of centrifuged medium were obtained from the 10 per cent 
sucrose medium.  This is more than is normally found in mammalian  s. ~ 
urine, one of the richest known sources to date. 
HI 
Of special interest in these investigations is the apparent effect of the 
auxin in the various peptone media on the size and shape of the yeast cells. 
In the media containing 0.2 per cent or more peptone and consequently 
having very low auxin concentrations, the cells were of normal size and 
shape  (small and slightly elliptical); whereas, in the other media having 
high auxin  concentrations the  cells were large  and  sometimes elongated 
many times their normal diameter.  This enlarged and elongate condition 
was only associated with those media containing considerable amounts of 
auxin and an initial concentration of 0.1  per cent or less Bacto-peptone. 
Somewhat similar modifications were found by Wyckoff and Luyet  8 and 
Oster ° in plate cultures of yeast which had been irradiated with ultraviolet 
light; by Zahl, KoUer, and Haskins  ~° in Aspergillus spores similarly treated 
5 Dolk, H. E., and Thimann, K. V., Proc. Na$. Acad. So.,  1932, 18, 30. 
e KSgl, F., and Haagen Smit, A. J., Proc. K. Akad. Wetensch. Amsterdam,  1931, ~, 
1411. 
7 KSgl,  F.,  Haagen Smit,  A.  J.,  and  Erxleben,  H.,  Z.  physiol.  Chem.,  1933,  214~ 
241. 
s Wyckoff, R. W. G., and Luyet, B. J., Radiology,  1931, 17,  1171. 
9 Oster, R. H., J. Gen. Physiol.,  1934-35, 18, 251. 
10 Zahl, P. A., Koller, L. R., and Haskins, C. P., J. Gen. Physiol.,  1938-39, 22, 689. TRUE  W.  ROBINSON  AND  T.  J.  B.  STI:ER  769 
with ultraviolet radiation,  and by  Richards  11 in liquid cultures of yeast 
incubated at  30°C.  Whether the formation of these elongate giant cells 
is  dependent upon the presence of a high concentration of auxin will be 
investigated presently. 
IV 
Recent work of Skoog and Thimann (1940) 12 on the liberation of auxin 
from plant tissues during extraction gives us a working hypothesis for future 
investigations.  Their evidence indicates that the bulk of the auxin in cells 
is "bound to a protein."  It seems reasonable, therefore, that certain growth 
conditions might favor the breakage of the link between auxin and its pro- 
tein carrier and thus accelerate its "rate of formation," or better its rate of 
"excretion" into the medium.  The excellent positive correlation obtained 
between pH  concentration in  the various media and  the yield of  auxin 
(see p.  768)  illustrates the operation of this mechanism.  These various 
findings now make it possible to separate clearly the two fundamental prob- 
lems involved in studying auxin formation in cultures of microorganisms, 
namely, factors involved in its intracellular synthesis and factors involved 
in releasing the intracellular store of bound auxin. 
SUMMARY 
We have found far more auxin in the culture media of bakers' yeast than 
was  obtained by  K6gl and Kostermans from the cells themselves.  The 
production of auxin by yeast cells resembles the formation observed in other 
organisms such as Rhizopus and Rhizobium which also form auxins in their 
culture media. 
The auxin yield was found to increase with the concentration of sucrose 
and to decrease with the concentration of peptone.  An inverse relation 
with the rate of cell multiplication was observed.  Enlarged and elongated 
cells appeared only in those media which contained considerable amounts 
of auxin. 
The total auxin yield in the various cultures was found to be directly 
proportional, below pH  5,  to  the hydrogen ion concentration.  Thus, it 
was proposed that certain growth conditions favor the breakage of the link 
between  auxin  and  its  protein  carrier  (Skoog and  Thimann,  1940)  and 
consequently accelerate  the  rate  of  excretion  of  auxin  into  the  growth 
medium. 
n  Richards, O. W., J. Physic.  Chem., 1928, 32,  1865. 
12 Skoog, F., and Thimann,  K. V., Am. 3". Bot., supplement,  1940, 9.7, 19. 